High substrate costs decrease the profitability of polyhydroxyalkanoates (PHAs) production, and thus lowcost carbon substrates coming from agricultural and industrial residuals are tested for the production of these biopolymers. Among them, crude glycerol, formed as a by-product during biodiesel production, seems to be the most promising source of carbon. The object of this study was to characterize the mixed population responsible for the conversion of crude glycerol into PHAs by cultivationdependent and -independent methods. Enrichment of the microbial community was monitored by applying the Ribosomal Intergenic Spacer Analysis (RISA), and the identification of community members was based on 16S rRNA gene sequencing of cultivable species. Molecular analysis revealed that mixed populations consisted of microorganisms affiliated with four bacterial lineages: α, γ-Proteobacteria, Actinobacteria, and Bacteroides. Among these, three Pseudomonas strains and Rhodobacter sp. possessed genes coding for polyhydroxyalkanoates synthase. Comparative analysis revealed that most of the microorganisms detected by direct molecular analysis were obtained by the traditional culturing method.
Biodiesel, which is derived from triacylglycerols by transesterification, has attracted considerable attention during the past decade as a renewable, biodegradable, and non-toxic fuel [2] . Synthesis of biodiesel generates a main by-product, glycerol, which represents 10% of esters and has to be used to increase the profitability of the overall process [24] . Despite of the wide applications of pure glycerol in food, pharmaceutical, and cosmetics industries, it is too costly to refine the crude glycerol to a high purity. Because of this, many research projects are conducted with the aim of finding a new utilization for raw glycerol [26] . Particularly attractive is the microbial conversion of raw glycerol into 1,3-propanediol (1,3-PD), dihydroxyacetone, and ethanol [12] . Equally interesting could be the transition of the glycerol into polyhydroxyalkanoates.
Polyhydroxyalkanoates (PHAs) are biodegradable polyesters, which are synthesized by many bacteria and stored intracellularly as carbon and energy reserves in the presence of an excess carbon source [37] . The genetic background of PHAs synthesis is well known. PHA synthases (phaC) are the key enzymes in the process of synthesis of these biopolymers. These enzymes are classified into four classes according to the genetic sequence-deduced primary structure, substrate specifity, and subunit composition [26] . Among them, the best studied are class I and class II, responsible for synthesis of short-chain-length and medium-chainlength PHAs, respectively.
Since their physical characteristics are similar to those of petrochemical polyesters, PHAs are considered to be good candidates for biodegradable plastics and elastomers [1] . Nowadays, the industrial production of PHAs is based on their synthesis by microbial isolates in either their wild form or genetically modified strains. PHAs production processes based on mixed microbial populations is one of the alternative technologies that could decrease production costs, since no sterilization is required and bacterial adaptation is quite easy, even for complex substrates that may be present in the waste material [13] . High substrate costs decrease the profitability of PHAs production, and thus low-cost carbon substrates such as agricultural and industrial residues or by-products have been tested for the production of these polyesters [13] . Among them, crude glycerol, formed as a by-product during biodiesel production, seems to be the most promising source of carbon.
The accumulation of PHAs by mixed cultures occurs under transient conditions, mainly caused by intermittent feeding and variation in the electron donor/acceptor presence. The microbial composition that develops under such conditions influences the quantity and quality of the accumulated polymers, and thus characterization of this microbiota is required to develop promising strategies for improved process performance. Despite many papers dealing with PHAs production by mixed cultures, there is a lack of information about the microorganisms responsible for PHAs production in such an environment. The accumulation of PHAs is thought to be used by bacteria to increase survival and stress tolerance in changing environments. Under certain conditions, free-living bacterial cells with a higher content of PHAs may survive longer than those with lower PHAs capacity, either because they are not subjected to some additional adverse factors, or because they can utilize their reserve material longer and more efficiently [18] .
Conventional microbiological techniques, based on the isolation of pure cultures and morphological, metabolic, biochemical, and genetic assays, have provided extensive information on the biodiversity of microbial communities in natural and engineering systems [4] . However, culturebased approaches to isolate the microorganisms from the environment do not provide comprehensive information on the composition of microbial communities, because there is the possibility that the organisms that are difficult to isolate are predominant. The bulk of culture media tend to favor the growth of certain groups of microorganisms, whereas others that could be important in the sample do not proliferate [30] . Although some recent approaches can greatly improve the retrieval capability of culturing methods, there is doubt that cultivation can give the full picture of microbial diversity.
Recently, molecular biology tools have provided new insight into microbial ecology allowing one to obtain an encompassing, high-resolution view of microbial structure in natural and semi-natural environments. These cultureindependent methods may detect species that are missed by plating, provided that the amplification efficiency is high enough. However, they are typically dependent on PCR and other molecular biological techniques. Several potential biases have been shown, or are conceivable, for the required extraction of community DNA, the PCR step, and other enzymatic reactions [19, 20] . Thus, a combination of both molecular approaches and traditional cultivation techniques may provide more insights into components of the microbial communities and the role they play in PHAsproducing ecosystems.
In this study, we performed culture-dependent and -independent methods to study the ecology of the microbial community during adaptation toward PHA production using raw glycerol. The samples were collected at determined time points and subjected to direct DNA analysis by applying Ribosomal Intergenic Spacer Analysis (RISA). This technique uses the ribosomal 16S-23S intergenic spacer length heterogeneity between taxa to distinguish members of the community. This profiling approach relies on a variable intergenic spacer that is amplified, and then it is resolved on polyacrylamide gel accordingly to the length of this region. The intergenic spacer is extremely variable in both sequence and length among different taxa, which may be able to provide a distinctive fingerprint-associated identification when included with even partial 16S and 23S genes sequences. Based on the data available so far, the different lengths of amplified fragments distinguish bacteria near the species level [17] . The samples for microbe isolation were taken when the functional stability of the mixed microbial community was ascertained. Isolated strains were molecularly distinguished and identified, and the results of both culture-dependent and -independent approaches were compared.
MATERIALS AND METHODS

Sequencing Batch Reactor operation
The experiment was performed in a laboratory-scale sequencing batch reactor (SBR) operated under aerobic dynamic feeding conditions in cycles of 12 h. The mixed liquor volume in the reactor after medium feeding was 5 l; 0.75 l of biomass excess was withdrawn with the mixed liquor (no settling phase was performed) at the end of the cycle and 0.75 l of influent was added to the biomass remaining in the reactor from the previous cycle. In this way, sludge age was controlled at about 6.7 days and was equal to hydraulic retention time. Crude glycerol, obtaining from Elstar Oils S.A. Company (Malbork, North Poland), was used as a carbon source. The organic medium was supplemented with the mineral salts solution prepared according to Serafim et al. [31] . Organics and nitrogen Kjeldahl concentration in the medium between the 12 and the 97 
Polyhydroxyalkanoates Analysis
PHAs were extracted from biomass, hydrolyzed, esterified to 3-hydroxyacyl methyl esthers, and determined by gas chromatography using a method described previously [5, 10] C/min, which was held for 3 min. Total time amounted to 11.33 min. Calibrations of 3HB and 3HV were done with a standard poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid) (12 wt.% 3HV) of natural origin (Sigma-Aldrich), previously submitted to the same procedure as for reactor samples.
Microbial Isolation
Sludge samples taken from the bioreactors were washed with a 0.5% NaCl solution by natural settling, and sludge flocks were then dispersed using a VCX 130PB Ultrasonicator for 30 s at 50 W (Sonics, Newtown, CT, U.S.A.). Sludge samples serially diluted with sterile water were plated onto GM1 (16) 
DNA Extraction
Direct DNA extraction from mixed cultures was performed as follows: 0.02 g as semi-dry weight of aggregated sludge sample was washed in sodium phosphate buffer (0.1 M; pH 8.0), pelleted by centrifugation, suspended in the proteinase K buffer (100 mM TrisHCl; 10 mM EDTA; pH 8.0), and incubated at 55 o C in the presence of sodium dodecyl sulfate, proteinase K, and lysozyme. In order to improve the process of cell wall lysis, the samples were additionally sonicated for 1 min. DNA was purified using a phenol/chloroform/ isoamyl alcohol [25/24/1 (v/v/v)] solution, and precipitated with 2 volumes of ethanol (96%) and 0.1 volume of sodium acetate (pH 5.2). The pellet was washed with 70% ethanol, dried, and resuspended in 100 µl of TRIS/EDTA (10 mM Tris-HCl, 1 mM EDTA, pH 7.5). DNA extraction from 2 ml of pure cultures was conducted in this same way.
PCR Amplification and Sequencing
The partial 16S rRNA gene was amplified using the primers 8F: 5'-GTG CTG CAGAGA GTT TGA TCC TGG CTCAG-3' and 536R: 5'-CAC GGA TCC GTA TTA CCG CGG CTG CTG-3' described previously by Miskin et al. [23] .
In order to detect microorganism producing polyhydroxyalkanoates, PCR was performed with two primers pairs. The first one, recognizing both class I and II of PHA synthase genes, was elaborated by Romo et al. [28] (G-D: 5'-GTGCCGCC(GC)(CT)(AG)(GC)ATCAACAAGT-3'; G1-R: 5'-GTTCCAG(AT)ACAG(GC)A(GT)(AG) TCG AA-3'). The second primers pair (I-179L: 5'-ACAGATCAACAAGTTCTACATC TTCGAC-3'; I-179R: 5'-GGTGTTGTCGTTGTTCCAGTAGAGGAT GTC-3') was specific only for class II of the PHA synthase gene [35] . PCR was performed in an Eppendorf Mastercycler Gradient (Eppendorf, Germany). The mixtures used for PCR amplification contained 50 ng of extracted total DNA, 0.5 µM of each primer, 100 µM of deoxynucleoside triphosphate (Promega, Wisconsin, U.S.A.), 1 U of Taq DNA polymerase (Invitrogen, Life Technologies), 5 µl of reaction buffer (500 mM KCl, pH 8.5; Triton X-100), 1.5 mM MgCl The PCR amplicons of PHA synthase genes were resolved on 1.5% agarose gels stained with ethidium bromide, and the size of the PCR products was estimated using molecular mass marker (100 bp; Promega, Wisconsin, U.S.A.). The sequencing of 16S rRNA and phaC gene fragments were performed using a Perkin Elmer ABI 373 Automated DNA Sequencer (PE Applied Biosystems, Foster City, CA, U.S.A.) at the Institute of Biochemistry and Biophysics in Warsaw, Poland. All reactions were run following the manufacturer's protocols.
RISA
The bacterial RIS located between the small and large subunit rDNA was amplified with primers 1 (5'-TTGTACACACCGCCCGTCA-3') and 2 (5'-GTACTTAGATGTTTCAGTTC-3') described previously by Dolzani et al. [14] Amplified fragments contained RIS plus approximately 380 bp corresponding to flanking regions of genes coding for 16S and 23S rRNAs. The PCR mixture components and conditions were the same as given by Dolzani et al. [14] After the successful DNA amplification, the PCR products were separated in 5% polyacrylamide gel (29:1 acrylamide:bisacrylamide). Electrophoresis was carried out at 80 V for 100 min in 1× TBE buffer (89 mM Tris base, 89 mM boric acid, 2 mM EDTA; pH 8.0). The size of PCR products was estimated using a molecular weight marker (1 Kb; Promega, U.S.A.). The gel stained with SybrGold (Invitrogen) was viewed with an ultraviolet transiluminator and recorded with a CCD camera (Gel Logic 200, Eastman Kodak Company, U.S.A.). Bands were detected automatically from digital images of the gel using KODAK 1D 3.6 Image Analysis Software (Eastman Kodak Company, U.S.A.).
The structural diversity of the microbial community was examined by the Shannon index of general diversity H [34] . H was calculated on the basis of the bands on the gel tracks, using the densitometric curves. The intensity of the bands was reflected as peak heights in the densitometric curve. The equation for the Shannon index is
where n i is the height of the peak and N the sum of all peak heights of the densitometric curve. Differences between genetic profiles obtained by culture-dependent and -independent methods were tested for significance using the Student t-test using Statistica software (StatSoft, Inc., U.S.A.).
Phylogenetic Analysis
The sequences of 16S rDNA genes were compared with those from the GenBank database using the NCBI Blast program. Sequences were aligned using the ClustalW program [38] . Genetic relationships were determined by the neighbor-joining method with the MEGA2 program [21] using nucleotide sequences of the 16S rDNA gene. To determine the degree of statistical support for branches in the phylogeny, 1,000 bootstrap replicates of data were analyzed. The gene sequences that were >94.0% identical to sequences of species in the NCBI database were assigned genus names [36] .
Nucleotide Sequence Accession Numbers
The nucleotide sequences were submitted to the GenBank database under accession numbers EU693921 to EU693934, and FJ214727 to FJ214730. 
RESULTS
PHAs Analysis
The maximal percentage content of PHA in activated sludge was observed during the first period of the experiment (until the 97 th day) and reached 47.6% of cell dry weight. The minimal value of PHA content was noticed in the last period of fermentation (between the 134 th and the 164 th days) and achieved the level of 11.2% of cell dry weight. The GC-MS analysis revealed that about 95% of analyzed PHAs consist of 3HB, whereas the rest was characterized as 3HV; a similar ratio of 3HB:3HV was observed through all periods.
Microbial Community Characterization Using the Cultivation-Dependent Approach Samples taken from a bioreactor on the 97 th day of the experiment were serially diluted and plated on 4 different types of standard microbiological culture media. After 10 days of incubation, 40 morphologically different colonies coming from all culture media were subjected to genetic differentiation using RISA. The polyacrylamide electrophoresis of PCR-amplified RISs, followed by detailed computer analysis, allowed the discrimination of 14 isolates by length and number of fragments (Fig. 1) . The number of RISs in a single isolate ranged from one (7 isolates) to three (Emticicia sp. Gl33); 6 isolates showed two different RISs. The length 14) and uncultured members of the microbial community (lanes 15 to 25). of RIS varied from 426 bp (Klebsiella oxytoca Gl27) to 2,024 bp (Agrobacterium sp. Gl24), counted without spanning regions located in the 16S and 23S rRNA genes. Fourteen isolates with a unique pattern of amplified RIS were characterized by sequencing of the 16S rRNA gene fragment. Afterwards, isolates were assigned to genus and species according to similarity with the 16S rRNA sequences deposited in the NCBI GenBank. Table 1 shows related organisms and their similarities. All of the 14 sequences of the 16S rRNA gene had similarities greater than 95% with sequences obtained from the NCBI GenBank database. Three sequences were identical to Pseudomonas putida BM2 (Gl01 strain), Pseudomonas sp. P16 (Gl06 strain), and Klebsiella oxytoca (Gl27 strain). The results of phylogenetic analysis based on the 16S rDNA sequences from evolutionary distances by neighborjoining are shown in Fig. 2 . The cultivable microorganisms were affiliated with four bacterial lineages: α-Proteobacteria, γ-Proteobacteria, Actinobacteria, and Bacteroides. Most of the isolates were assigned to Proteobacteria, three to Actinobacteria, and one to Bacteroides. γ-Proteobacteria consist of two distinct clusters created by Pseudomonas and Enterobacter with Klebsiella oxytoca. α-Proteobacteria were represented by Agrobacterium sp., Rhodobacter sp., and Sphingomonas sp. The Actinobacteria cluster was created by Micrococcus sp. and Microbacterium sp. with a bootstrap value of 100%. Bacteroides was represented by only one individual, which was identified as Emticicia sp.
In the aim of detection of a microorganism possessing the ability of polyhydroxyalkanoates synthesis, PCR was performed with two primers pairs. The first one (G-D and G-1R) recognized both class I and II of PHA synthase genes [28] . The second primer pair (I-179L and I-179R) was specific only for class II of the PHA synthase gene [35] . The amplification using primers G-D and G-1R gave a positive signal in 5 of the isolates, corresponding to Pseudomonas Gl01, Pseudomonas Gl06, Pseudomonas Gl13, Rhodobacter sp., and Emticicia sp. The obtained PCR amplicons possessed the expected length of 551 bp. A positive signal was also obtained for Klebsiella oxytoca; however, the PCR product was larger than expected (Fig. 3A) . The amplification with PCR primers designed by Solaiman et al. [35] showed that the genes responsible for class II of PHA possessed only the Pseudomonas species (Fig. 3B) . The six PCR products obtained by using Fig. 2 . Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among bacteria isolated from biomass utilizing the glycerol.
The numbers on the branches refer to bootstrap values for 1,000 times; only those above 5,000 are shown. Fig. 3 . Detection of PHAs producers by amplification of the fragments of PHA synthase genes using PCR primers recognizing both class I and II synthase genes (A; 31), and only class II of synthase genes (B; 38). G-D and G-1R primers were directionally sequenced. The result of sequencing proved that all Pseudomonas species and Rhodobacter sp. Gl32 possessed genes coding for PHA synthase. The 423-bp-long DNA sequences of Pseudomonas sp. Gl01 and Pseudomonas sp. Gl13 were identical, and showed a similarity of 99% with P. putida F1. The closest DNA sequence to the 378-bp-long DNA sequence of Pseudomonas sp. Gl06 belonged to P. oleovorans. The 330-bp-long fragment of the Rhodobacter sp. Gl32 phaC gene was closely related to the homologous gene of Rhodobacter sphaeroides ( Table 2 ). The sequenced DNA of K. oxytoca and Emticicia sp. were not typical for the expecting genes.
Microbial Community Characterization Using the Cultivation-Independent Approach
Electrophoretic separation of the total RIS amplicons from each sampling day resulted in distinct banding patterns along the 164 days of the experiment (Fig. 1) . These patterns comprised from 13 to 20 bands, including at least one major band in each sample.
In order to further compare the bacterial communities during adaptation, numerical indicators of microbial diversity were calculated from the values of the RISA band number and intensity in the form of the Shannon (H') index. Thus, H' was used as a parameter that reflects the diversity changes of the whole microbial community throughout the experiment. The H' index ranged from 2.52 (last day of fermentation) to 2.9 (113 days). The fingerprints of the initial communities and the acclimated communities at the last sampling day revealed a decrease of the biodiversity -H' values changed from 2.6 to 2.52. Over time, the bacterial community shifted dramatically between days 12 and 22, and days 22 and 44. After the next 40 days of fermentation (84 day), the picture of the banding pattern returned to the shape that was characteristic for the microbial community sampled at day 44. From day 84, the microbial community started to change again. The samples taken at 147 and 164 days consisted of similar bands, which suggests that during the last phase of fermentation, stabilization occurred.
Comparison of the Culture-Dependent and -Independent Approaches In order to estimated the proportion of the cultivable and noncultivable microorganisms, the RISs amplified on the base of DNA directly extracted from biomass and DNA purified from isolated strains were separated on this same gel (Fig. 4) . To make this comparison more readable, the amplicons of isolates were mixed in equal volumes before separation. The RISA analysis showed that there were some differences between band patterns. The total number of bands in the fingerprint obtained by direct analysis was higher (26 bands) than the number of bands characteristic for the mixture of RISs amplified from isolated strains (21 bands). A lot of the bands located at these same positions had different intensities that rely on the unequal efficiencies of particular RISs amplification in both approaches. The most visible differences correspond to two bands of lengths of about 500 bp, which were visible only in the uncultivable bacteria lane. These bands were also visible in Fig. 1 (lanes  22 and 23) , which suggests that they belong to an uncultured species, which were present in significant number. The results of the comparison could suggest that the applied culture-dependent method allowed for obtaining the most part of the species creating the microbial community. PCR products of isolated strains were mixed in equal volume before resolving on polyacrylamide gel (2). The samples were taken at day 97 of the process. M, molecular mass marker (1 kb; Promega, Wisconsin, U.S.A.).
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DISCUSSION
Glycerol is generated in large amounts during the production of both bioethanol and biodiesel. The tremendous growth of the biodiesel industry created a glycerol surplus that has resulted in a dramatic decrease in crude glycerol prices, making it even a waste stream with a disposal cost associated with it. The development of processes that could convert raw glycerol into valuable products seems to be necessary to biorefinery industry exponentiation. One of the many promising applications for the use of waste glycerol is its bioconversion through microbial fermentation to high-value compounds such as biopolymers [39] .
In the aim of fine chemical productions, the undefined microbial communities are more and more often applied. Compared with monocultures, the microbial communities are more robust to environmental fluctuations and to promote stability through time for members of the consortium. Furthermore, they might be able to weather periods of nutrient limitation better because of the diversity of metabolic modes available to a mix of species combined with the ability to share metabolites within the community [6] . Because of this, the microbial consortia are often used for fine chemical production with the utilization of complex substrates such as waste from the agricultural industry.
One of the best known methods for the natural selection of microorganisms synthesizing PHAs is based on cultivation in a sequencing batch reactor (SBR). The batch-wise feeding that is applied in such a process results in periods with carbon source access and periods without substrate. Microorganisms that have the ability to accumulate substrates in the form of PHAs and then use them in degradation will have ascendancy over others that are not able to survive the famine phase. Thus, this type of process favors the PHAs-storing microorganisms [8, 27] . Most probably, owing to periodical changes of substrate levels as well as the presence of many physiologically specialized microorganisms, the SBR process could promote plasmid-mediated transfer of genes responsible for PHAs synthesis and accumulation [7] . Despite the increasing number of works dealing with PHA production by mixed cultures, there is still lack of detailed information concerning the selection of microbial communities. The number of papers that describe the identification of microorganisms utilizing complex substrates in order to convert it into PHAs is also limited. A review of the works dealing with the utilization of cultures with complex substrates using anaerobic/aerobic and aerobic dynamic feeding is presented by Serafim et al. [32] .
In this study, the presence of microorganisms having the genetic potential of PHAs synthesis was determined by PCR detection and DNA sequencing. For this task, the universal PCR primers elaborated by Solaiman et al. [35] and Romo et al. [28] were applied. Among all isolated strains, six of them gave a positive signal. After sequencing of the PCR products obtained by using PCR primers designed by Romo et al. [28] , it turned out that the phaC genes possessed all analyzed Pseudomonas strains and Rhodobacter sp. Gl32. The structure of pseudomonads phaC genes suggests that they are responsible for mclPHAs synthesis, whereas the phaC gene of Rhodobacter sp. Gl32 is typical for P(3HB) (scl-PHA) synthesis. Because in the biomass mainly P(3HB) was discovered, it suggests that Rhodobacter sp. Gl32 was the main PHA producer in enriched biomass. However, it cannot be excluded that other species creating the biomass, which we were unable to cultivate in a laboratory environment, also had a contribution in P(3HB) synthesis.
Raw glycerol derived from biorefineries consists not only of glycerol but also of methanol, fatty acid methyl esters, and free fatty acids. The work of Ashby et al. [3] showed that Pseudomonas oleovorans preferred glycerol to fatty acid methyl esters and free fatty acids for growth and polymer production, whereas Pseudomonas corrugata utilized both glycerol and fatty acid methyl esters/free fatty acids at approximately the same rate.
Next to γ-Proteobacteria, we have isolated three members of α-Proteobacteria (Sphingomonas sp., Agrobacterium sp., and Rhodobacter sp.), which possess an extensive range of metabolic capabilities and thus their presence could be reasonable. The separate cluster is created by Gram-positive bacteria that belonged to Microbacterium and Micrococcus species (Actinobacteria). The members of this group are common in various environments such as hydrocarbon oxidizers, with the capability of using oil as a major carbon and energy source [33] . The most interesting was the presence in the studied bioreactor of Emticicia sp. from Flexibacteraceae family. Until now, only two members of this species (E. ginsengisoli and E. oligotrophica) were characterized [22, 29] .
The differences in numbers and lengths of the RISs, along with a flanking by the highly conserved 16S and 23S rRNA genes, makes the RIS a sensitive marker for the discrimination of different bacterial species [17] . The fingerprints produced by RISA have been shown to be highly reproducible and sufficient to discriminate both closely and distantly related species and subspecies [15] . Thanks to that, RISA has useful applications in many disciplines of microbiology, such as clinical, environmental, applied, and systematics, and has proved to be a quick and reliable method. Although its use for the study of microbial communities as a whole has not yet been widely applied, it has the potential to be very useful as another community fingerprinting tool and in decreasing the amount of sequencing required to describe the biodiversity present in complex samples using the molecular approach [16] . The number and intensity of bands in RISA patterns do not necessarily give an accurate picture of the number and abundance of the corresponding species within a microbial community, because one organism may produce more than one band because of multiple, heterogeneous rRNA operons [9] . Many of the isolated strains in our study possess more than one rRNA operon, but knowledge about their RIS lengths and co-appearing only simplified the presumption about bacterial changes and prevents the overestimation of microbial diversity.
The performed RISs analysis made it possible to track the development of bacterial populations from the very beginning. The RISA pattern characteristic for the applied inocula in this study seems to be quite rich but without any dominating groups. In the bacterial community, after 12 days of culturing, some of the species had found good conditions for their growth and started to increase their cell number. After the next 10 days, the picture of the bacterial community changed and other species took control of the environment. What is interesting is that a very similar composition of the community was reached on the 84 th day of the process. What is worth pointing out is that after 147 days of culturing, the composition of the bacterial community achieved a small stabilization without any visible dominants, which could be related to high COD value.
In the present study, the RISs amplified from the directly extracted biomass DNA were compared with RISs of bacteria previously isolated from this same biomass, sampled at 97 days of the process. The conducted comparison indicated that the culture-based approach was surprisingly effective and allowed for the discovery of the major part of all species that were ascertained using the cultureindependent method. This observation suggests that in the case of enriched, undefined mixed populations, the traditional cultivation approach could be very robust and can be used for taxonomic characterization of such bacterial communities. The success of applying the relatively simple cultivation procedures along with molecular techniques in isolating and identifying representatives of significant, and in some cases, previously uncultured members of the microbial community, demonstrates that cultivation remains a viable and important technique for assessing microbial diversity. Thus, the need for culturing is still high, not only to provide better background material for further development of molecular techniques, but also to enhance the understanding of function and structure of microbial communities [11] .
In conclusion, the combination of applied molecular approaches allowed us to analyze the succession process of microbial community during adaptation toward PHAs production. The applied approach made possible the isolation and molecular identification of 14 different strains engaged directly or indirectly in PHAs production. Knowledge about the species selected in the SBR process could be utilized in the construction of defined mixed populations, which could be used for the conversion of complex feedstock into biopolymers in the future.
